Neurofilament (NF) assembly; divergent characteristics of human and rodent NF-L subunits.
Previous studies have shown that rodent neurofilaments (NF) are obligate heteropolymers requiring NF-L plus either NF-M or NF-H for filament formation. We have assessed the competence of human NF-L and NF-M to assemble and find that unlike rat NF-L, human NF-L is capable of self-assembly. However, human NF-M cannot form homopolymers and requires the presence of NF-L for incorporation into filaments. To investigate the stage at which filament formation is blocked, the rod domains or the full-length subunits of human NF-L, human NF-M, and rodent NF-L were analyzed in the yeast "interaction trap" system. These studies demonstrated that the fundamental block to filament formation in those neurofilaments that do not form homopolymers is at the level of dimer formation. Based on theoretical biophysical considerations of the requirements for the formation of coiled-coil structures, we predicted which amino acid differences were likely to be responsible for the differing dimerization potentials of the rat and human NF-L rod domains. We tested these predictions using site-specific mutagenesis. Interestingly, single amino acid changes in the rod domains designed to restore or eliminate the coiled-coil propensity were found respectively to convert rat NF-L into a subunit capable of homopolymerization and human NF-L into a protein that is no longer able to self-assemble. Our results additionally suggest that the functional properties of the L12 linker region of human NF-L, generally thought to assume an extended beta-sheet conformation, are consonant with an alpha-helix that positions the heptad repeats before and after it in an orientation that allows coiled-coil dimerization. These studies reveal an important difference between the assembly properties of the human and rodent NF-L subunits possibly suggesting that the initiating events in neurofilament assembly may differ in the two species.